The objective of this study was to upgrade a facultative pond (FP) unit operating at the domestic wastewater treatment plant (WWTP) in the municipal area of Sakhnin, which is located in the North of Israel (latitude 32.869155 and longitude 35.316570). For this aim, six experimental units of the intermittent trickling biofilters (ITBFs), with different design and operation characteristics, were established in April 2005 as a pilot plant system at the bank of the WWTP. The experimental units were operated under controlled conditions parallel to the full-scale FP of the WWTP for over 12 months, and the influent and effluent qualities were analyzed on a regular basis. With the ITBF units, the average removal efficiency of the system on sCOD, total suspended solids, NH 4 -N, and PO 4 -P reached up to 79.7, 91, 76.9, and 74.8%, while the average removal efficiencies of the same parameters in the reference FP were: 6.7, 16.3, 3.6, and 18.1%, respectively.
INTRODUCTION I
N THE LITERATURE, trickling filters (TFs) have been used for different aims. The most common use of TFs is for nitrification processes by various modifications of the system which were developed (Metcalf and Eddy, 1991; LeKang and Kleppe, 2000; Seaguret et al., 2000) . The TF technology is also of common use in aquacultural studies (Greiner and Timmons, 1998) .
TFs are packed-bed reactors, in which the effluent flows downward, thus trickling on the surface area of the packedbed particles while the substrates (organic and other pollutants) are assimilated by the biomass growing on the packedbed media. This is the main factor responsible for the high water treatability of this biological treatment method (Wik, 1999) . TFs, trickling biofilters, and tower filtration technologies are regarded as well-established treatment technologies for municipal wastewater (Metcalf and Eddy, 1991) . The proposed technology does not require high investment in mechanical or energy demanding equipment and does not require much human attendance for operation and maintenance of the systems. It is therefore expected to provide rural areas with high-quality effluents using cost-effective technologies (Seaguret et al., 2000) .
The advantages of TFs include: low maintenance, cheap installation, and great tolerance of fluctuations in hydraulic and organic loads. TFs also encourage oxygenation and removal of carbon dioxide from the water, which is important in the case of using the treated effluent for aquaculture (LeKang and Kleppe, 2000) . Several factors are important in the function of TFs such as hydraulic load, filter media characteristics (type, size, and surface area) and reactors' dimensions. The main disadvantages of the TFs are their frequent use of low surface area media that require large volumes and floor area, the packed-media cost, the tendency of packedbed clogging and the costs for pumping the water to the top of the reactor (Greiner and Timmons, 1998) . When a short residence time regime is applied it causes high organic loading to the biofilters, which later causes high pollution levels in the TF's effluents. It is reported that high organic matter concentrations in the TF's effluents may cause problems in the subsequent denitrifying process in the treatment of industrial wastewater, where peak loads are more common than in municipal wastewater treatment (Wik, 1999) .
In the literature there are several TFs modeling and biofilm characterization studies of the ammonia removal process, which is particularly important for effluents intended for aquaculture (Pederson and Orvin, 1997; Vayenas et al., 1997; Wik, 2000; Persson et al., 2002) . Another important field of modern research on TFs concerns innovative materials for use as packed media in TFs and evaluation of their efficiencies (Logan et al., 1987a (Logan et al., , 1987b Mann et al., 1995 Mann et al., , 1998 Mann et al., , 1999 Mann and Stephenson, 1997) .
This study was performed mainly in the facilities of the Sakhnin Rural Development Center (SRDC) in Israel. The SRDC is a part of the Towns Association for Environmental Quality (TAEQ), and its major activities are in the fields of education, environmental R&D, agricultural, and energy conservation. The WWTP of Sakhnin treats about 2,000 m 3 per day of the town's wastewater using a conventional rural WWT technology based upon a series of stabilization ponds and its layout is given in Fig. 1 . As seen from Fig. 1 the effluent of FP unit feeds the influent of SR unit. The units of the WWTP are described as follows (Tarabean et al., 1996) .
• Two settling-anaerobic ponds (two 5,000 m 3 sedimentation ponds with a-5 m depth, based upon anaerobic biological activity).
• One facultative pond (FP) (a 5,000 m 3 pond, where various types of oxidative, anoxic, and anaerobic biological activities are taking place simultaneously at different zones of the pond). • One 150,000 m 3 seasonal reservoir for the FP effluents.
• Effluent posttreatment, consisting of chlorination and filtration units.
The problem of water scarcity in Israel led to the development and widespread application of WWT and effluent reuse technologies. In the case of having enough area and suitable weather conditions, the pond system is more common treatment technology on wastewater treatment (Kayombo et al., 2002; Craggs et al., 2004; Travieso et al., 2006) .
The pond technologies are also dynamic, low-cost waste recycling ecosystems comprising complex communities of algae, virus, protozoa, rotifers, insects, crustaceans, and fungi (Hosetti and Frost, 1995) .
The specific technical WWT stage, subject to upgrading research and development in this study includes rehabilitation of the FP. The quality of effluent from this pond depends strongly upon its area, because its oxidation activity relies basically upon the oxygen uptake capacity of the surface area either by photosynthesis or by diffusion processes (Metcalf and Eddy, 1991) . 
The main aim of the study was to increase removal efficiency of the available FP unit and decrease high organic loading of the SR unit which is fed by effluent of FP (see Fig. 1 ). With this aim the construction of new ITBFs units were implemented. Upgrading the FP system will also have a positive environmental impact by improved protection of the region's on-ground and underground water resources, and by prevention of odor nuisances. This study offers an alternative technology of Intermittent trickling biofiltration (ITBF), which has low area and low energy demands while relatively high effluent quality is expected.
MATERIALS AND METHODS
To rehabilitate the FP, six plastic cylinders, used as intermittently fed trickling biofilters (ITBFs) with a working volume of 165 L each, were designed and operated as simulation reactors for the available FP of the municipal WWTP in Sakhnin. The height of the ITBFs is 1.5 m, and the packedmedium (pine chips) used for the ITBFs leveled up to 1.4 m. The internal diameter of all of the ITBF reactors was 0.3 m.
Air distribution pipes were installed into some (1, 2, and 5) of the ITBF reactors. When aeration regime was held in any of the ITBF reactors, the proportions of air/liquid was 10/1. The packed-medium materials in the ITBF reactors were 5-and 10-cm nominal size shavings of pine trees. The main reason for using this material is its availability in very large volumes, its low price, and its biological stability. The studies were performed at room temperature.
The schematic view of an ITBF reactor, which is shown in Fig. 2 , include a specially designed feeding system, sampling ports, and inlet and outlet lines. The influent dosing pumps are timer controlled, and the system includes a complete pumping station and intermediate tank to provide the system with fresh effluent from the settling pond of the fullscale Sakhnin WWTP. The major design and operation characteristics of the ITBF reactors are given in Table 1 .
The ITBF reactors were set up at the beginning of April 2005. All the parameters such as sCOD, total suspended solids (TSS), NH 4 -N, and PO 4 -P were analyzed for both FP and ITBFs according to the APHA-AWWA-WPCF (1995), in a laboratory located in the SRDC. The period of the samples taken was 1 day in a week. All the samples were collected into 500-mL plastic bottles and moved into the laboratory and analyzed on the same day. sCOD, NH 4 -N, and PO 4 -P parameters were done for filtered water. Filtration of the samples was realized by vacuum pump via 0.45-m GFC filter papers. At the end of a 1-year monitoring program (April 2005 (April -2006 , removal efficiency results of the parameters were evaluated in both ITBF reactors and available FP. Fluctuations of inlet concentrations and other characteristics of the wastewater and removal efficiency of the FP are given in Table 2 . As seen from Table 2 , because of the low reduction efficiencies, the six ITBF reactors were established to rehabilitate the available FP unit. With this study, the effluent water quality of FP unit and in consequence, reduction of influent loading of SR, were aimed to be improved. 
RESULTS AND DISCUSSIONS
Experimental studies were started after a 6-week period. The effluent water quality parameters such as sCOD, TSS, NH 4 -N, and PO 4 -P were monitored in the ITBF reactors for six different inlet concentrations and the results were given in Figs. 3, 4 , 5, and 6, respectively.
In general, as seen from Fig. 2 , the average sCOD removal efficiencies are close to each other in some ITBF reactors. Reactors 3, 5, and 6 more or less have the same sCOD removal capacities with the average of 77.6, 79.7, and 76.3%, respectively. Still, the maximum sCOD removal rate was obtained from reactor 5. On the contrary, the minimum sCOD removal rate was obtained from reactors 1, 2, and 4 with average 66.7, 68.5, and 69.7%, respectively. As seen from Fig. 3 , there are some main effective factors on having high ratio sCOD removal efficiency. The most effective factor is having aeration system of the reactors. The others are material size and retention time. As seen in Table 1 , there is no aeration system in reactors 1 and 2; thus, the less sCOD removals can be seen easily in Fig. 3 . It is easily said that the reactors with aeration, fine materials size, and longer retention time give better results on sCOD removals. As seen in Fig. 4 , correlations between initial and effluent concentrations of reactors 3, 5, and 6, which have high removal sCOD efficiency, are given. From Fig. 4 , reactor 5 gives the best correlations between influent and effluent sCOD concentrations with an R 2 value of 0.9995. There are no fluctuations between inlet and outlet organic loads. The removal rate of reactor 5 is always stable and gives more meaningful result than the others for both high and low initial sCOD concentrations.
As seen in Fig. 5 , a TSS removal rate depends exactly on the material size. From Fig. 5 , although reactors 6, 5, 3, and 2 have the same TSS removal rates, reactor 5 has the highest average TSS removal rates of 91%. The lowest TSS removal rate was obtained from reactor 1 as an average 80.6%.
As for the phosphorus removal in the reactors, Fig. 6 shows the performance of the reactors. As is known, there are few phosphorus removal processes, such as chemical, physical, and biological on wastewater applications. In this study only physical and biological phosphorus removal processes are examined. As seen from Fig. 6 , filters without aeration have higher phosphorus removal capacities than the aerated ones. This indicates that in the anaerobic conditions denitrifying consortium presents in these reactors so phosphate accumulation by this consortium is used in excess of the metabolic requirements. On the contrary, of other parameters such as sCOD, TSS, and NH 4 -N, removal percentage of PO 4 -P is the highest level in anaerobic condition. As seen from Fig. 6 , reactor 1 has the highest average PO 4 -P removal level, with a percentage of 74.8%. Reactors 2 and 4 also have high PO 4 -P removal rates with the value of 68.6 and 62.6, respectively. The lowest PO 4 -P removal rate was obtained from reactor 6, with an average percentage of 44%. According to the results, it is said that phosphorus removal is not related with material size. It is clear that anaerobic reactors have higher PO 4 -P removal rates in Fig. 6 , which means that biological processes are more dominant than the physical.
The variation of NH 4 -N concentration throughout the ITBF reactors is given in Fig. 7 . During the experimental period inlet pH values changed between 8.0 Ϯ 0.3, which were in the optimum range of nitrification process (Environmental Protection Agency, 2000). Since nitrification process consumes alkalinity, the pH values were between 5.7 and 6.2 in the effluent samples of the aerated ITBF reactors. As seen from Fig. 7, reactors 3 , 5, and 6 were installed with AVSAR ET AL. 110 aeration systems capable of removing ammonium nitrogen as expected as a result of the nitrification process. The average ammonium nitrogen removal rate was obtained in reactor 5 as 76.9%. In reactors 3 and 6, average ammonium nitrogen removal rates were determined as 66.6 and 57.4%, respectively. On the contrary, reactors without aeration systems had no significant affect on removal rates of ammonium nitrogen. The average removal rates of ammonium nitrogen were determined as 15.6, 10.9, and 24.6% for reactors 1, 2, and 4, respectively. Concentrations of sCOD have been found to inhibit nitrification if limited or in excess (Al-Haddad et al., 1991) . If limited, there will be an insufficient carbon source for biofilm growth. If in excess, the nutrients will promote rapid growth carbonaceous-removing bacteria in preference to slow-growing nitrifiers (Rogalla and Bourbigot, 1990) . During the experimental period, different sCOD inlet concentrations were run. As seen from Fig. 8 , relations between ammonium nitrogen removal and initial sCOD concentrations were graphed only for the aerated reactors such as reactors 3, 5, and 6. In Fig. 8 , ammonium nitrogen removal rates increased when the sCOD concentration decreased. Because of the competition between heterotrophic bacteria and nitrifiers, nitrification is not initiated until the sCOD concentration drops. Even if the minimum sCOD concentration was 300 mg/L in the experimental study, this value is also high enough for the nitrification process. Due to this, the maximum ammonium nitrogen removal rates were determined as 89.3% in reactor 5, and 75 and 72.7% for reactor 3 and reactor 6, respectively. These results show similarity with different organic loading rate and the plastic media recommended by MetCalf and Eddy (1991) . At the highest sCOD concentration (678 mg/L) the ammonium nitrogen removal rates decreased to 61.5, 55, and 46.6% for reactors 5, 3, and 6, respectively, because of being the dominant heterotrophic bacteria in that condition. Figure 8 also shows correlation between ammonium nitrogen and sCOD concentration in the reactors. In this respect, reactor 5 (see Table  1 ) gives the best ammonium nitrogen removal with correlation value of R 2 0.9711 according to the different initial sCOD concentration.
At the end of the study, rehabilitation of the available FP was ended at higher removal capacities by establishing of ITBFs as a pilot scale. Removal efficiency results of avail- able FP and developed ITBFs are given in Table 2 . These results of ITBFs given in Table 2 indicate the average removal values.
As seen above in Table 2 , when it is established an ITBFs system to rehabilitate the available FP system, the effluent water pollution qualities of FP will be improved at high ratios.
As to energy consumption for reactor 5, which is considered more logical than the others at the end of the study, it has some energy requirements, mainly for the feeding and aeration functions. According to the experimental data the calculated energy demand for aeration and water feeding was 0.22 kWh/m 3 and 0.065 kWh/m 3 , respectively. This means a total of 0.285 kWh/m 3 energy demand. A representative price is 0.1 $ per kWh in Israel. When a 2,000 m 3 wastewater capacity of WWTP is considered, the whole processing prize can be calculated as 57 $ per day to treat the wastewater.
CONCLUSION
To increase the low removal efficiency of the FP unit, six different ITBFs were established as a pilot scale at the bank of the available WWTP in Sakhnin, Israel. According to the evaluation of the results, it was observed that all the ITBFs units contribute to high removal capacity on sCOD, TSS, NH 4 -N, and PO 4 -P parameters.
When the applicability of the all the reactors are considered, reactor 5 gives the best result on sCOD, TSS, and NH 4 -N except PO 4 -P removal. PO 4 -P removal rate in reactor 5 is 55.9%. Although reactor 5 has low phosphorus removal rate, this value is high enough than the available FP reduction efficiency. After a 1-year study, results indicate that the ITBF unit having the same characteristics as reactor 5 will be able to be constructed as full-scale unit in the available WWTP.
